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Objective: The aim of this study was to determine whether, in young children, a cortical neurophysiologic representation of the voicing status of a stop consonant could be found in the absence of the N1 component in the cortical auditory evoked potential (CAEP). In adults, a 'double-on' N1 response is often considered a cortical marker of VOT representation. Methods: Scalp-recorded CAEPs were measured from six electrode sites in 10 children aged 4-8 years in response to a /da/-/ta/ continuum in which voice onset times (VOTs) varied from 0 to 60 ms. CAEPs were also recorded from C z in a group of eight children aged 2-3 years in response to stimuli with VOTs of 0 and 60 ms. Results: Cortical evoked responses elicited by stimuli with VOT values ranging from 0 to 60 ms (i.e., by stimuli perceived as /da/ and /ta/) were similar in morphology. There was no evidence of a 'double-on' morphology for stimuli with long VOTs. However, latency changes in the P1 and N2 components were observed as a function of VOT changes.
Conclusions: Our results demonstrate that a representation of VOT, as recorded by scalp electrodes, exists in the developing cortical evoked response, but that representation is different than that in the adult response. The results describe the developmental changes in cortical representation of VOT in children ages 2-8 years. Significance: The child's CAEP reflects physiologic processes, which are involved in the cortical encoding of VOT. Overall, cortical representation of VOT in children ages 2-8 is different than in adults. Ó 2008 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
In this study we examined the neurophysiologic representation of voice onset time in the cortical auditory evoked response (CAEP) of young children. Voice onset time (VOT) is an acoustic cue that is critical for speech perception. VOT is defined as the interval between the release of a stop consonant (the burst) and the beginning of vocal fold vibration or voicing onset (Lisker and Abramson, 1964) . Several languages contain relevant temporal cues for VOT perception. In American English, voiced, syllable-initial stop consonants (such as /ba/, /da/, /ga/) have a short time interval (generally 0-20 ms) between the release of the consonant and the onset of voicing. In contrast, voiceless stop consonants (such as /pa/, /ta/, and /ka/) have a longer interval (generally 30-80 ms) between consonant release and voicing onset.
Listeners respond to stimuli that vary in VOT in a manner termed 'categorical'. In the paradigm experiment, Abramson and Lisker (1970) created a set of synthetic speech sounds that varied in VOT from À150 ms to +150 ms in physically equal steps. When the stimuli were presented to native speakers of American English for identification, stimuli with VOTs of less than 25 ms were identified as /da/ and stimuli with VOTs greater than 25 ms were identified as /ta/. The identification function showed a sharp discontinuity between about 20 and 30 ms of VOT -the phoneme boundary between the /da/ and /ta/ categories. Listeners were good at discriminating stimuli drawn from opposite sides of the phoneme boundary but were poor at discriminating stimuli drawn from within the same voicing category. The good discrimination of stimuli drawn from different phonetic categories and the poor discrimination of stimuli drawn from the same phonetic category led to the term 'categorical perception' (see Liberman et al., 1957) .
In a series of elegant experiments, Steinschneider et al. (1982 Steinschneider et al. ( , 1990 Steinschneider et al. ( , 1994 Steinschneider et al. ( , 1995 Steinschneider et al. ( , 2003 Steinschneider et al. ( , 2005 have explored the cortical representation of VOT in monkeys and humans. Recording auditory
